Abstract
Therefore, we made blind whole-cell current-clamp recordings from CA1 107 pyramidal neurons in acute hippocampal slices to examine whether the AHP was 108 differentially modulated in two commonly used genetic backgrounds in mice, C57BL/6 109 (B6) and 129SvEv (129), as well as in F2 hybrid mice made by intercrossing non-sibling 110 pairs of B6 and 129 mice (F2). Interestingly, we found that genetic background had a 111 significant effect on the magnitude of the AHP, which was maintained across all phases. 112
Further, the unbiased sampling provided by the blind patch-clamp method revealed 113 striking differences in the shape of the AHP waveform even within a single genetic 114 background. Taken together, these experiments demonstrate the effect of genetic 115 background and reveal marked heterogeneity in a functional property that may 116 contribute to learning and memory in the mammalian brain: the post-burst AHP. 117 equal numbers of slices were made in sucrose or ACSF solutions; no differences were 152 found between recordings from slices made in sucrose or ACSF so data were combined 153 for subsequent analysis and presentation). Sagittal slices (300 μm) through the dorsal 154 hippocampal region were collected (Lecia VT1000, Wetzlar, Germany) and stored in a 155 holding chamber containing room temperature oxygenated ACSF until used for 156 recording. Slices were allowed to recover for at least an hour before use. 157
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Materials and Methods
158
Electrophysiology 159
For recording, individual slices were transferred to a nylon net, submerged in 160 warmed (31-32 o C) oxygenated ACSF, which was constantly perfused into the bath. 161
Patch pipettes, fashioned from borosilicate glass (OD = 1.2 mm, ID = 0.8 mm; Warner 162
Instruments, Hamden, CT) on a Flaming-Brown P-97 pipette puller (Sutter Instruments, 163
Novato, CA), were filled with KMeSO 4 -based internal solution and had an open-tip 164 resistance of 3-6 MΩ. Blind whole-cell recordings were obtained by using a MS314 165 micromanipulator (MW, Wetzlar, Germany) to slowly advance the patch pipette into 166 stratum pyramidale of CA1 until a sharp increase in tip resistance was observed. 167
Negative pressure was applied to achieve a GΩ seal, after which brief mouth-suction 168 pulses were used to break into the cell for recording. 169
After whole-cell configuration was achieved, the amplifier was switched to current 170 clamp mode. Series resistance and capacitance compensation were monitored and 171 adjusted throughout the duration of the experiment. Data were sampled at 50 kHz by 172 pClamp 10 software (Molecular Devices, Sunnyvale, CA) with a BVC 700A amplifier 173 sAHP were all larger in neurons from B6 and F2 mice compared to 129 mice (Fig. 1D) . 231
Background-specific alterations in active or passive electrophysiological 232
properties may contribute to the observed differences in the magnitude of the AHP. 233
Active properties refer to the activation (and inactivation/deactivation) of voltage-gated 234 channels, which contribute to action potential firing and repolarization, such as I Na and 235 I K A , as well as to subthreshold excitability. Analysis of the stimulus used to evoke the 236 AHP revealed no differences between genetic backgrounds in action potential threshold 237 ( Fig. 2A 1 ) , amplitude ( Fig. 2A 2 ) , or halfwidth ( Fig. 2A 3 ) , or in the total depolarizing 238 envelope of the burst ( Fig. 2A 4 ) . Additionally, the sag ratio, indicative of the amount of I h 239 (a voltage-gated conductance activated by hyperpolarization and a primary contributor 240 to subthreshold excitability) was identical between genetic backgrounds (Fig. 2B) . there was a main effect of genetic background on input resistance; a post-hoc 248 examination revealed that the input resistance in B6 neurons was significantly higher 249 than that observed in F2 and 129 neurons (Fig. 2E) . Importantly, however, the input 250 resistance was not different between F2 and 129 (although the magnitude of AHP was), 251 suggesting that differences in input resistance cannot fully account for the observed 252 differences in the magnitude of the AHP. Another observation, readily apparent upon examination of individual neurons 274 after DAB processing, was that the morphology varied substantially from cell to cell. In 275 particular, these neurons could be grouped into two classes based on whether the 276 primary apical dendrite remained continuous through stratum radiatum until stratum 277 lacunosum moleculare (Fig. 4A) or bifurcated within stratum radiatum (Fig. 4B) . 278
However, the number of observations of a continuous or bifurcated primary apical 279 dendrite did not differ between genetic backgrounds (Fig. 4C) . Additionally, the 280 morphology did not affect the magnitude of any phase of the AHP (Fig. 4D 1-3 Our recordings, which provide an unbiased sampling of CA1 pyramidal neurons, 292 revealed intriguing observations about the heterogeneity of the AHP. We noted that the 293 AHP waveform could generally be classified into one of two discrete shapes: Type 1 294 had a sharper inflection point between the pAHP and mAHP (Fig. 5A ), while Type 2 had 295 a more gradual transition between these phases (Fig. 5B) . Not surprisingly, this 296 difference in shape resulted in a larger magnitude mAHP (Fig. 5D 2 ) and sAHP (Fig. 5D 3 ) 297 in Type 2 compared to Type 1 recordings, while the pAHP was unaffected (Fig. 5D 1 ) . 298
Interestingly, both types of AHPs were observed in each genetic background, but there 299 were no differences in the number of occurrences of Type 1 or Type 2 AHPs between 300 backgrounds (Fig. 5C) . 301
To investigate factors which may contribute to neuron-specific differences in the 302 shape of the AHP, we analyzed electrophysiological and morphological properties of 303 neurons exhibiting a Type 1 or Type 2 AHP. There were no differences in the action 304 potential threshold (Fig. 6A 1 ) , amplitude (Fig. 6A 2 ) , or halfwidth (Fig. 6A 3 ) , or in the 305 depolarizing envelope of the AHP-evoking burst stimulus (Fig. 6A 4 ) between Type 1 and 306 Type 2 recordings. Likewise, the sag ratio, resting membrane potential, membrane time 307 constant, and input resistance were unaltered between Type 1 and Type 2 AHPs (Fig.  308 6B-E). Additionally, the observation of a Type 1 or Type 2 AHP did not correlate with 309 position on either the proximal-distal (Fig. 6F 1 ) or superficial-deep axis in CA1 (Fig. 6F 2 ) . 310
Finally, neither Type 1 nor Type 2 AHPs were preferentially associated with a 311 continuous or bifurcating primary apical dendrite (Fig. 6G) . It is possible that in these cases, the AHP contributes to learning and memory in a task-374 specific manner (for example, contributing to acquisition of conditioned fear but not its 375 extinction or water maze learning), or, alternatively, that the AHP may be required to 376 work in concert with other functional neuronal properties to regulate the levels of 377 learning and memory. 378
379
Differential function of passive and/or active conductances may underlie 380
background-specific differences in AHP magnitude 381
Because the AHP was evoked by somatic current injection, independent of 382 synaptic activation, the differences in the magnitude of the AHP between genetic 383 backgrounds must be due to differences in intrinsic properties of the neurons. Neither 384 the resting membrane potential nor the membrane time constant were differentially 385 affected by genetic background, but neurons from B6 mice exhibited a significantly 386 larger input resistance compared to F2 and 129 neurons. Because a higher input 387 resistance would potentiate the magnitude of any voltage deflection, it is possible that 388 this difference may contribute to the larger magnitude AHP in B6 compared to 129 389 neurons. Importantly, however, F2 neurons also exhibited a larger AHP compared to 390 129 neurons but input resistance was not different between these two groups. These 391 results demonstrate that although input resistance may contribute to a larger AHP, it is 392 not sufficient for the differences in magnitude observed across genetic backgrounds. 393
Alternatively, background-specific changes in input resistance may be mediated by a 394 separate mechanism and completely independent of the differences in the magnitude of 395 the AHP. In either case, alterations in voltage-or Ca 2+ -gated conductances, in 396 combination with or separate from changes in input resistance, likely contribute 397 substantially to the differential effect of genetic background on AHP magnitude. 398
To probe for differences in the function of active conductances, we measured 399 parameters indicative of subthreshold and suprathreshold excitability. We found no 400 effect of genetic background on the sag ratio, the action potential threshold, amplitude, 401 or halfwidth, or the depolarizing envelope of the burst stimulus used to evoke the AHP. while Type 2 AHPs exhibited a more gradual transition. These differences could be 473 easily observed by eye, but were also reflected in the quantification of the magnitudes 474 of different phases of the AHP: both the mAHP and sAHP (but not pAHP) were 475 significantly larger in Type 2 than in Type 1, reflecting the slower time course of voltage 476 decay. In general, Type 1 AHPs were observed more often than Type 2 AHPs 477 (approximately 3:2), but, interestingly, this distribution was not differentially affected by 478 genetic background. As was the case for the magnitude of the AHP, the type of AHP 479 observed did not correlate with location on either the length or depth axis, nor with the 480 morphology of the primary apical dendrite (continuous or bifurcated), suggesting that 481 the heterogeneity in this property is distributed across the CA1 region. 482
The shape of the waveform likely reflects the function of the specific 483 conductances that underlie distinct phases of the AHP, as opposed to alterations in 484 conductances that contribute to more general neuronal excitability. This assertion is 485 supported by the lack of any differences in passive properties (such as the input 486 resistance) or parameters that reflect activation of conductances contributing to 487 subthreshold excitability or action potential firing (such as sag ratio or action potential 488 threshold) between Type 1 and Type 2 AHPs. Because we found no difference in the 489 magnitude of the pAHP between types, it is also unlikely that channels mediating this 490 phase, such as BK, are substantially altered in neurons displaying different types AHPs. 491
On the other hand, the mAHP and sAHP both exhibited significantly smaller magnitudes 492 in Type 1 compared to Type 2 AHPs, and thus channels that contribute to these phases 493 Additionally, within a single genetic background, the shape of the AHP varies 503 substantially from cell to cell. As we gain a deeper understanding of hippocampal 504 function, the importance and impact of these innate differences between and within 505 genetic backgrounds is likely to become increasingly clear. 506 507 508 509
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